Background: To identify as many different transcripts/genes in the Atlantic salmon genome as possible, it is crucial to acquire good cDNA libraries from different tissues and developmental stages, their relevant sequences (ESTs or full length sequences) and attempt to predict function. Such libraries allow identification of a large number of different transcripts and can provide valuable information on genes expressed in a particular tissue at a specific developmental stage. This data is important in constructing a microarray chip, identifying SNPs in coding regions, and for future identification of genes in the whole genome sequence. An important factor that determines the usefulness of generated data for biologists is efficient data access. Public searchable databases play a crucial role in providing such service.
Background
The role of aquaculture in world food industry has rapidly become more important in the last 20 years. Atlantic salmon is an important aquaculture species with an interesting biology. It spawns in fresh water and develops through several stages before migrating to the sea to feed, a dramatic change of habitat that requires physiological, morphological and behavioural changes. In addition the salmonids did undergo a duplication event 25-100 Myr ago [1] and show residual tetraploidity. Atlantic salmon also shows a very different recombination rate between females and males with females having normal recombination while males show a significantly reduced recombination rate [2, 3] . As an important aquaculture species it is crucial to understand the biology of Atlantic salmon, its associated diseases, as well as environmental impact of salmon farming, e.g. effects of escaped fish on wild populations and health issues of interactions of farmed and wild fish. The fact that Atlantic salmon is a species that can yield both biologically revealing and practically important results makes it an important species for research, including genomic research.
The major goal of all farm animal genome projects is to identify the genetic mechanisms responsible for important and commercially interesting traits, such as disease resistance, growth, meat colour, fat deposition etc. in order to implement these results in the breeding and management programmes. Compared to most other farmed animals there is still a large stock of wild fish for most aquaculture species. This means that there is also a great need for managing the wild populations. To identify these genetic mechanisms one needs access to various tools such as a genetic and physical map, polymorphic markers (both microsatellites and SNPs), cDNA libraries, ESTs and full-length gene sequences, and preferably the whole genome sequence. In addition bioinformatics tools and databases are needed to extract biologically meaningful results from this large amount of data.
For Atlantic salmon some of these resources have been developed. They include genetic markers and maps [2] [3] [4] , a BAC library [5] and the corresponding physical map [6] . Another important genomic resource are cDNA libraries from different tissues and developmental stages, and their relevant sequences (ESTs or full length sequences). Such libraries make it possible to identify a large number of different transcripts and can also give valuable insight into which genes are expressed in which tissue/library at a specific developmental stage. The existing cDNA resources include the EU funded SALGENE (Generation of a genetic body map for Atlantic Salmon) [7] , the Canadian GRASP (Genomics Research on Atlantic Salmon Project) [8, 9] and the Norwegian Salmon Genome Project (SGP) [10] [11] [12] . The three projects have used different strategies to construct and sequence the various libraries. While GRASP has developed mainly mixed tissue normalised libraries that has been sequenced from both the 5' and 3' ends, SALGENE and SGP developed tissue specific libraries and sequenced mainly from the 5' end. GRASP and SALGENE constructed most of their libraries from adult fish that has been adapted to the saline environment while SGP focused on the pre-smolt stage, i.e. on fish that were still living in fresh water.
There are currently in the order of 430,000 Salmo Salar EST sequences in GenBank, of these 55,118 EST sequences have been generated and submitted as part of the Salmon Genome Project. The DFCI (TIGR) annotated Atlantic salmon Gene Index (AsGI) [13] comprises 236,009 ESTs, 598 ETs (Expressed Transcripts) which after contig assembly yielded 29,544 TC (Tentative Consensus) sequences and 33,697 singlets. Such a resource is essential when constructing a microarray chip and identifying SNPs in coding regions, furthermore it provides a backbone for identifying genes in the future genomic sequence. Recently more than 2,500 putative SNPs have been identified in Atlantic Salmon of which a set of 65 were validated [14] . In addition, the EST sequences and the corresponding clones have been used to develop various microarray chips based on spotted cDNA clones [9] . This paper describes a combined biological and bioinformatics resource and database dedicated to EST sequences from tissue specific pre-smolt Atlantic salmon cDNA libraries. The resource combines a clone as well as a sequence repository and the results derived from data processing. In addition, this includes amplified stocks of libraries from each of the tissues used, which can be used for further studies.
Construction and content
Construction of cDNA Libraries cDNA libraries were constructed from 15 tissues of presmolt Atlantic salmon. Each library was constructed using RNA from 5 individual fish to increase the probability of identifying SNPs in the resulting sequences. An exception was the library constructed from testis were we where only able to extract RNA from one individual. Library construction and enrichment of the cDNA libraries were performed as described earlier [12] .
After construction the libraries were plated out on agar plates, grown overnight and subsequently picked and regrown overnight in 96 well plates. On the next day the colonies were transferred to 384 plates in duplicate and stored as glycerol stocks at -80°C. Nearly 155,000 clones have been picked from the various libraries (Table 1) . Two of the libraries (gills and intestine) were pre-screened to separate abundant clones from rare ones [12] . For all other libraries no pre-screening was performed in order to identify as many SNPs as possible. One exception was white muscle were we, after the initial sequencing of the first 1152 sequences had to make a pre-screening to reduce the amount of three genes that dominated the transcripts from this tissue (glyceraldehyde-3-phosphate dehydrogenase, creatine, aldolase). This was done by hybridising three clones, HM4_0714, HM4_0584 and HM4_0679 representing each of the three genes to filters containing the complete set of white muscle genes. After hybridisation, the non-hybridising clones were picked and re-arrayed into new 384 well plates. In addition, 4 SSH libraries were constructed after intra-peritoneal injection of infectious salmon anaemia virus (ISAV) [15] .
DNA sequencing
Sequencing was done from the 5'-end using T3 as sequencing primer. 5'-sequencing was chosen in order to assign functional annotation to as many transcripts as possible. The sequencing reactions were performed using the ABI PRISM ® BigDye™ Terminators Cycle Sequencing Kit (Applied Biosystems), and run on the ABI 377 (Applied Biosystems) (Gills and Intestine [12] ) or using the MegaBACE DYEnamic ET dye terminator kit on the MegaBACE 1000 (Amersham Pharmacia) (all other libraries/sequences). The sequencing was performed according to the manufacturers protocols. When using the Mega-BACE DYEnamic ET dye terminator kit, DNA was amplified using TempliPhi from Amersham. One microlitre of stock culture was transferred to a new 384 well-plate and 10 μl of denaturation buffer was added. The sample was denatured at 95°C for 3 minutes, transferred to ice and 10 μl of premix was added before the samples were placed at 30°C for 12 hours. From this reaction 0.4 μl was mixed with 4 μl of sequencing mix, 4.8 μl of water and 0.5 μl of T3 primer (5 μM). The sequencing reaction was done by 40 cycles at 95°C for 20 sec., 50°C for 15 sec. and 60°C for 2 minutes. Before the samples were loaded on the MegaBACE the excess dye terminators were removed using a Dye Terminator Removal Kit from ABgene.
Database, sequence processing and clustering
The SGP data resource main components are the project database and data delivery system, large-scale sequence processing, clustering and annotation pipelines, and the web-based software tools [10] . The resource data flow is shown in Figure 1 . All trace files or chromatograms (raw data) were loaded into the SGP database using the webbased submission interface. After loading the chromatograms were pre-processed using the SGP pre-processing pipeline preAssemble [11] which utilises Staden Pregap4 [16, 17] . The pipeline was developed for automatic large scale processing of the DNA trace files and produces detailed output, which can be viewed with a web browser. PreAssemble also outputs sequences in a format ready for submission to GenBank. PreAssemble is available as a public web-based service and can also be downloaded as a stand-alone version as shown in Table 2 . Pre-processing includes base calling and quality (confidence values) assignment by Phred [18, 19] , sequence quality clipping, sequencing vector clipping and poly A (T) tail clipping. Quality clip operates by first identifying the highest quality point in a sequence and moving a sliding window of 50 bases in both directions from this region, until the average quality for the window is below the minimum average confidence value. The minimum average confidence value of 15 was used. The quality clipped 5' and 3' ends of the sequence are marked. Vector clip uses the vector-primer data to identify and mark sequencing vector at both ends of the sequence. The remaining "good" insert sequence is again scanned for vector and if found, the sequence is rejected as failed. In the majority of cases this signifies that the sequence is mostly vector. Poly A (T) tail clip marks the consecutive occurrence of A of length 10 and above. If after these steps the remaining sequence length was less than a minimum value (preAssemble default 100 bases) it was also rejected as "failed". The preprocessed sequences that passed this screening scheme were submitted to GenBank after excluding ribosomal and mitochondrial sequences.
Clustering and contig assembly of the screened sequences were performed with Phred-Phrap [20] packages. The repeat stringency 0.95 and minmatch 50 parameters were used for the Phrap contig assembly. The resulting contigs and singlet sequences were loaded into the SGP database as the SGP dataset after visual inspection and editing. The contigs and singlets were then submitted to the BLAST-GO annotation pipeline. Before loading into the database, singlet sequences were replaced by the matching preprocessed sequences from the database. Low quality ends were removed from the consensus contig sequences.
Automatic annotation and datasets
The SGP high-throughput annotation pipeline operates by running local BLAST [21] searches against the NCBI PDB, SWISS-PROT, NR protein sequence and NR nucleotide sequence databases (NT). A stringent E-value threshold of 10 -15 was used as a criterion of significant matches for all databases except PDB where it was relaxed to 10 -10 in a bid to identify more of valuable matches with a known three-dimensional structure. These threshold values correspond to a range of very reliable homology matches [22] . The results were post-processed to show matches in the following order of potential importance and annotation value: PDB -SWISS-PROT -NR -NT. To identify biologically relevant matches, length of the segment of a query sequence aligned with the matching target in the database was calculated as per cent of the query length as well as the alignment length in bases. These results formed the basis for putative functional annotations by association. For the matches found in SWISS-PROT (a subset of UNIPROT) the Gene Ontology (GO) [23] definitions and relationships were extracted from the GO dataset if a GOA [24, 25] assignment was present for the matching UNIPROT sequence (GO hits). Putative assignments were made from the GO subsets [GO: Molecular function], [GO: Biological process] and [GO: Cellular component]. Results were then processed by the annotation pipeline into web-based tables and loaded into the SGP database.
Sequence and annotations data are stored as "datasets" in the SGP data resource. Each dataset represents a set of data used for clustering and/or annotation. Datasets can overlap, e.g. a dataset selected for clustering can be formed from a subset of another larger clustered dataset or several datasets. If a specific new annotation is performed on a previously clustered and annotated dataset, it will form a new dataset with the same clustering results but different annotation. Such data design allows for consistently storing, accessing and comparing results data, which have fully or partially identical sets of initial trace data. All results data is accessible on the SGP web site; the detailed description of how to access various types of data is given in Table 2 .
Utility and discussion
cDNA libraries and sequencing From 23 libraries constructed from 15 different tissues we picked and stored approximately 155,000 clones in 384 well microtiterplates. Nineteen libraries were constructed from normal tissues and 4 libraries were constructed from gills and intestine using Suppression Subtractive Hybridisation (SSH) after intra-peritoneal injection of infectious salmon anaemia virus (ISAV) [15] . All libraries were constructed using fish from the pre-smolt stage. In addition, one library from each of the 15 tissues was also amplified in order to screen these for other genes in the future. From each library 50 tubes containing 1 ml each were stored at -80°C for use by anyone interested in this resource.
We performed 5' sequencing for approximately 75,000 pre-smolt cDNA clones from these libraries. Approximately 68,500 sequences (raw data) were loaded into the Salmon Genome Project (SGP) database as described in Construction and content. After loading, all sequences were subjected to pre-processing in order to clean out poor quality sequences and to trim off vector and linker sequences. After pre-processing there remained 58,109 (84%) high quality sequences, which have been marked as pre-processed ("passed") in the SGP database. The preprocessed sequences were submitted to the GenBank dbEST [26] after removal of the mitochondrial sequences (55,118 ESTs). The accession numbers are [GenBank: Table 1 lists the total number of sequences, number of failed sequences, number of sequences submitted to GenBank and number of sequences used in the clustering from each of the 23 libraries.
Clustering and contig assembly
The project relies heavily on bioinformatics data processing and analysis and we have constructed the SGP data resource (Construction and content), which was used for the sequence processing, contig assembly, annotation, and project data hosting. All sequences, as well as other data and results, can be accessed through the SGP data resource as described in Table 2 . Links in most of the webbased displays and tables show the results of online queries on the SGP database executed every time the table or link is accessed, i.e. they represent current "snapshots" of the SGP database. The SGP database and web site are updated on a regular basis with new data. Clustering and contig assembly was performed on 57,212 EST sequences from the 23 libraries shown in Table 1 . The dataset contained raw sequences, for which the pre-processed sequences passed the preAssemble [11] processing criteria of sequence quality and vector contamination (Construction and content). Contig assembly resulted in 20,119 unique sequences, consisting of 6,424 contigs (32%) and 13,595 singlets (68%). This is a somewhat lower ratio of contigs compared to the GRASP results for Atlantic salmon [9] and our previous results of clustering of the combined GRASP and SGP ESTs [14] . The number of reads in each contig ranged from 2 to 508 with 49% of the contigs containing only 2 reads, 40% contained from 3 to 9 reads and 11% contained more than 10 reads. The length of the contigs varied from 3862 (4 contigs) to 103 (3 contigs) nucleotides with 67% of the contigs compris-ing between 600 and 1,500 nucleotides. A table listing number of contigs and average length for each observed number of reads per contig can be accessed as shown in Table 2 , Clustered data summary. Contigs pre-sorted by length and number of reads as well as an option to sort into user defined intervals are available in the Clustered data summary menu, Contigs and best annotation hits, Figure 2 .
Annotation
Contig consensus sequences and singlet sequences were annotated by the BLAST-GO automatic annotation pipeline. The annotation focused on the specialised, detailed results, which provide novel information and extend the currently available annotations data for salmonidae. The matches in PDB and SWISS-PROT databases were considered to be potentially more informative. A match in the PDB database leads to the PDB entry, which contains a link to the UNIPROT entry and, depending on the length of aligned query sequence opens a possibility of further function prediction by protein structure modelling. A SWISS-PROT match allowed access to detailed annotation data for the match sequence verified to high quality standards, including function assignment and cross-links with other databases. Where sequences in SWISS-PROT had Clustered data summary menu. "Contigs and best annotation hits" display for the SGP dataset. Similar results display -"Singlets and best annotation hits" is available for singlets. Other options are "Contigs length and number of reads" and "Distribution of average length and number of reads in contigs". The Clustered data summary provides a current snapshot of the SGP database.
SGP data flow
Contigs can be displayed in groups presorted by number of reads and length of sequence or sorted by entering range values Datasets sub-menu Annotation display options: show contigs where automatic annotation produced or did not produce results
Access contig and reads sequences
Access detailed automatic annotation results
CLUSTERED DATA SUMMARY, CONTIGS AND BEST ANNOTATION HITS
GO terms [23] assigned by the GOA project [24, 25] , a putative function prediction of gene products was made and relevant GO terms were linked to the query sequence. The resulting annotation "best hits" and GO assignments were loaded into the SGP database. Database snapshots of the annotation data for datasets are accessible via the Clustered data datasets and Clustered data summary menus. See Table 2 for explanations on how to access all data and results. Searches of the SGP data can be done on specific annotation terms using the Database search option. The detailed annotation results are also accessible in the form of self-explanatory web-based tables in the Annotation section (Figure 3 ). GO-GOA assignment tables are available as part of the annotations. A salmonidae-specific search with the SGP dataset was performed on the NCBI NT database as an attempt to identify the SGP sequences which are similar to those that had previously been annotated as belonging to salmonidae. The results of this automatic annotation, loaded in the SGP database as the SGP-Sal dataset inevitably include some mismatches in its 1,768 hits, but provide a useful estimate of the possibly known salmonidae genes in the SGP data. Another annotation was performed where the sequences with salmonidae hits were excluded from the SGP dataset. The dataset identified as SGP-noSal was also loaded. These annotation datasets are available under the Clustered data datasets, Clustered data summary and Annotations menus, as well as via searches in the SGP database.
There are three major ways of accessing the SGP data resource -by the Clustered data datasets and Clustered data summary menus, and via the SGP database searches. The Clustered data datasets menu ( Figure 4 ) provides a database display with access to the contigs, singlets and annotations data for the datasets SGP, SGP-Sal and SGP-noSal described in this paper as well as other datasets. The Clustered data summary menu offers a different view on the data for each dataset with separate displays for dataset snapshots of the contigs and singlets best annotation hits, and distribution of the contigs length and number of reads ( Figure 2 ). The displays allow interactive sorting of the data, and provide links both to the source sequence data and detailed annotations data. The SGP database searches are a flexible tool for accessing specific sequence or annotation data. Queries run on the two principal sets of data: sequence descriptions and annotations best hits, including GO-GOA annotations. Help on searching the database is available on the query interface web page.
The detailed annotation output format includes length of the matched segment of the query and per cent identity with the aligned sequence (Figure 3 ). Therefore a tentative selection of sequences for protein structure modelling can be made directly on the basis of annotation data. Since all SWISS-PROT sequences for which a similarity model can be built are modelled by the SWISS-MODEL automatic server [27] with results available from the SWISS MODEL Repository [28] , a fairly good estimate of the quality and biological significance of modelling for these sequences can be made. As an example of such annotation, most of the larger SGP contigs (Clustered data summary > SGP > Contigs and best annotation hits) display hits in PDB and are suitable for modelling of at least part of their sequences.
Annotation statistics are shown in Table 3 . On the whole for 50.3% sequences significant similarity was found in annotation databases. Since strict similarity threshold criteria were used in the BLAST annotation (Construction and content) this result although highly reliable, will tend to under-represent the number of possible annotated sequences. The contigs and singlets, which remain not annotated, potentially but not necessarily point to new genes. The rate of all annotation hits in contigs is predictably higher at 68%, with 42% in singlet sequences. Looking at highly informative hits in PDB or SWISS-PROT, more than 30% of all sequences returned hits in at least one of these databases, with contigs having a much higher rate of hits compared to the singlets. Of these hits 30% for contigs and 10% for singlets were in the PDB, allowing potential protein structure modelling or extraction of existing models from models databases such as SWISS MODEL Repository and ModBase [29] .
Putative assignments of the GO terms (Construction and content) referred to here as GO-GOA annotation were made for 30% of the SGP contigs and singlets, with almost 50% of the contigs returning GO-GOA hits. The GO-GOA annotations present a very uneven picture, Detailed automatic annotations display shows results of the GO -GOA and NCBI BLAST annotations. Query and target sequences and complete BLAST results can be accessed from this page. Access to the detailed automatic annotations display for the full SGP annotation is available from SGP data resource > Data and results > Annotations > SGP full annotation. Links to the detailed annotation for the specific contig and singlet sequences are provided in the Annotation best hits display and for sequences accessed from the Clustered data datasets display and SGP database search results. Explanation of the format including BLAST parameters, table columns and colour coding is given at the top of each annotation page.
DETAILED ANNOTATION DISPLAY

Query sequence
BLAST search results for specific database GO -GOA annotation colour code: molecular function -green, biological process -red, cellular component -yellow
Annotating database
Access BLAST hit alignment
Length of alignment of the query against the database sequence as % overlap and in bases % identity is shown with colour coded ranges: 90-100%, 70-90%, 50-70%, and 0-50% Access annotation target sequence at NCBI Clustered data datasets menu gives access to dataset descriptions, and full sets of contigs and singlets sequences and automatic annotation results for each dataset Figure 4 Clustered data datasets menu gives access to dataset descriptions, and full sets of contigs and singlets sequences and automatic annotation results for each dataset. Searches in the SGP database run on the three linked categories of data: sequences including their descriptions, libraries and annotations. When a match occurs in any of these data, all three data categories are shown in results. The "Matches in datasets" display provides access to a subset of contigs, singlets and annotations selected in the search. The "Annotations best hits" display is the same for the Clustered data datasets menu and database search results. Clustered data datasets menu provides a current snapshot of the SGP database. Important function categories such as development, immune response and other were selected to assess the difference between annotations searches with the keywords representing broader search terms and alternatively exact GO terms. Results, listed in Table 4 show that as expected the broader search terms return for some queries substantially higher numbers of hits, which although not free from mismatches allow to identify most of the potentially relevant sequences. A search on GO terms returns only sequences with these exact GO terms in their annotations, allowing precise identification of particular GO assignments. The results display a clear division between the frequencies of putative function assignments in the SGP data. Highly represented hits for more general functions such as development, growth, differentiation, proliferation, predictably stand out in comparison with the lower numbers for more narrow categories e.g. response to stress, inflammatory response, cell growth. Some very low hit numbers for the exact GO terms are markedly different from similar broader terms, such as immune cell activation, growth, regulation of growth, regulation of cell differentiation. An important result is the high number of hits for a relatively narrow GO term immune response, i.e. higher than average representation of this function in the SGP dataset. The SGP ESTs thus can be used as a source for mining immune-related genes. The keyword "sex" returned few hits both for general and exact GO searches, suggesting that the relevant functions are under-represented in this dataset.
Conclusion
We have constructed 23 tissue specific cDNA libraries from pre-smolt Atlantic salmon (Salmo salar). Subsequent EST sequencing and clustering yielded 6,424 contigs and 13,595 singlets, resulting in a total of 20,119 unique sequences.
Putative annotation was assigned to 50.3% of the sequences showing similarity to known genes, mostly from other species, in one or more of the databases used for automatic annotation. 30.5% of sequences were further annotated using annotation transfer procedure for Gene Ontology (GO) terms for molecular function, biological process and cellular component.
All data on ESTs, clustering and annotation can be accessed via the SGP data resource [10] . There is a variety of data access options such as database searches on anno- tation including gene assignments and GO terms as well as access to self explanatory web-based detailed annotation archives. Annotation searches on biologically important putative functions showed that the [GO: immune response] term is over-represented in the SGP dataset, sug-gesting the presence of a relatively high number of immune-related genes.
On the whole, annotation searches in the SGP database and access to annotations as datasets summary or as detailed results offer a powerful tool for exploring, at different levels of granularity, biological features reflected in the EST data. A database search, which can be done using sophisticated keywords search options, will produce an overview of the highly reliable sequence similarities ("best hits") and their gene and function annotations including GO assignments. For each of the "best hits" displayed in the overview, a separate link will produce a detailed annotation output presented in a user-friendly format, listing all significant hits in all databases used in the annotation. 
GO-GOA automatic annotation results
Search term Contigs Singlets Contigs and singlets GO definitions (top category GO:0008150 : biological process)
immune response 94 64 153 immune response GO:0006955 91 60 147 GO:0007582 : physiological process GO:0050874 : organismal physiological process GO:0002376 : immune system process GO:0006955 : immune response GO:0051869 : physiological response to stimulus GO:0006955 : immune response immune cell activation GO:0045321 0 1 1 GO:0007582 : physiological process GO:0050874 : organismal physiological process GO:0001775 : cell activation GO:0045321 : leukocyte activation GO:0002376 : immune system process GO:0045321 : leukocyte activation (Exact synonym: immune cell activation) response to stress 28 28 56 response to stress GO:0006950 14 13 27 GO:0050896 : response to stimulus GO:0006950 : response to stress inflammatory response 29 
